The net zero-energy building (NZEB) concept has recently gained prominence worldwide. Large scale adoption and implementation of NZEBs would potentially contribute greatly to greening of the building sector. However, it is still at a nascent stage of niche formation. This paper aims to assess the governance context for adoption and uptake of NZEBs through niche formation in India by addressing the research question: What is the state of governance in New Delhi regarding NZEB niche development? A case study research design is used to answer this question. The Governance Assessment Tool (GAT) and Strategic Niche Management (SNM) are used to analyze the New Delhi case. Data collection involved in-depth interviews with fourteen key stakeholders. Data were analyzed using the qualitative data analysis software (ATLAS.ti). The results reveal that the governance context is only marginally supportive towards NZEB niche formation due to qualities of moderate extent, flexibility and intensity. Actor network formation was identified as an important driver which influences other elements of governance, as well as factors stimulating strategic niche management.
Introduction
As global warming and fossil fuel depletion highlight the need to save energy, demand for energy in buildings is bound to increase [1] . Green buildings with the highest level of energy efficiency are now being projected as net zero energy buildings (NZEBs; See Appendix B for the entire list of Acronyms used in this article) with the use of renewable energy technology for energy production. This has recently gained a lot of attention from research communities, early adopters of construction innovations, policy makers as well as green building rating systems, such as Leadership in Energy and Environment Design-LEED, setting ambitious targets to transform the building sector by adopting low, near or net zero energy building concepts. This can be achieved by adopting solar passive building design strategies, the use of energy efficient technologies, and integration with renewable energy (RE) systems to fulfill the remaining energy demand through self-generation [2] [3] [4] . Such buildings offer a promising solution to deal with future energy challenges with limited environmental impact [5] .
Theoretical Framework
This section presents the two theoretical frameworks which will be of interest to understand the niche formation process of NZEBs from a governance perspective. Section 2.1 elaborates on governance and its influence on facilitating and stimulating innovation in a particular context. This leads to introducing the GAT and its conceptual background in the Contextual Interaction Theory (CIT). It provides a vision towards current and possible future pathways for the governance context regarding niche formation and diffusion-adoption of NZEBs. Secondly, SNM is briefly presented in Section 2.2.
It explains the niche formation and diffusion of novel sustainable technologies through the formation of protected niches, and gradual breakdown of regime barriers. SNM and GAT will be compared to advance the understanding and the analytical approach of governance processes that have to do with niche development, and deepen understanding of governance of innovations in a given economic sector. Theoretically, the focus of this paper is to analyze sectoral energy transition and niche formation of sustainable energy innovations from a governance and policy perspective. In this sense, it contributes to a growing body of literature in this domain [14] .
Governance Assessment Tool
The GAT was developed as an evaluative framework to assess the quality of governance in a specific context, specifically to evaluate a particular implementation setting (vis-à-vis certain issues, policy instruments or projects) in terms of supportive or restrictive for such implementation. The conceptual basis of the tool consists of a collection of insights on governance, and has a background in the CIT [15] . The CIT is a third generation implementation theory where implementation is not seen as a top-down process but as multi-actor interaction process influenced by the actors who are involved. According to the CIT, there are three core characteristics per actor: motivation, cognition and resources. The "motivations, that may spur the actors into action, their cognitions, information held to be true, and their resources, providing them with capacity to act individually and power in relation to other actors" [16] (p. 45). The governance model in the CIT consists of questions that attempt to determine: Where? Who? What? How and with What? [17] . These questions respond to characteristics that feature modern governance systems [17] . They are multi-level, multi-actor, multi-faceted, multi-instrumental and multi-source-based [18] .
The governance concept as used by the GAT has its roots in public policy, public administration and governance literature, and can be viewed as an attempt to organize the multiplicity of aspects mentioned in those literatures into a concise fashion [19] . Governance refers to, "all processes of governing, whether undertaken by a government, market or network, whether over a family, tribe, formal or informal organization, or territory, and whether through laws, norms, power or language. Governance differs from government in that it focuses less on the state and its institutions, and more on social practice and activities" ( [20] , p. 1). Therefore, governance can be seen as "beyond (merely) government", and a context for decision-making and implementation; it can be both supportive and restrictive for those processes. The governance context here, assumes the existence of a multiplicity of actors, levels, goals, instruments and different means that can be applied [21] . As a context, governance, to some degree, restricts and to some degree enables actions and interactions in a certain part of society [19] . The GAT helps to assess and identify the strong and weak points in the governance context (in our case this would be vis-à-vis NZEB niche development). The tool predominantly draws attention to understanding of existing situations that can obstruct policies and projects under complex and dynamic conditions [22] .
The Dimensions of the Governance Assessment Tool
The GAT framework introduces five dimensions that provide a clear overview of the governance context (or contents of a governance regime in a certain area with certain issues). The dimensions of the governance context that are central to the GAT concern:
1.
Levels (which are not necessarily administrative levels): governance assumes the general multilevel character of policy implementation.
2.
Actors and their networks: governance assumes the multi-actor character of policy implementation.
3.
Perception of the problem and objectives (not just the objectives): governance assumes the multifaceted character of the problems and objectives of policy implementation. 4 .
Strategies and instruments: governance assumes the multi-instrumental character of policy strategies for policy implementation.
5.
Resources and organization of implementation: governance assumes the complex multi resource bases for implementation of policy [22] .
There are four quality criteria in order to assess the aptness of the governance regime [16] . These four quality criteria include: extent, coherence, flexibility and intensity [23] . The five governance dimensions and four qualities together form the core of the GAT. The quality criteria assess to what extent the governance context is supportive or restrictive for the policy process.
By analyzing the five dimensions of governance according to the four qualities of the governance regime, one can attain a very pragmatic understanding of how different elements of governance interact and hence influence a particular implementation setting, in our case adoption of NZEBs. Extent is a quality of a governance regime that refers to how completely it considers the various elements that have an impact on the process at stake (in this case NZEB niche development). The coherence of that same regime relates to how the various elements of the regime strengthen each other (rather than weaken each other). Given that the actors are different and important in different settings within a particular governance context; effective implementation will also be influenced by the flexibility available. In a flexible governance regime, actors have formal and informal liberties and stimuli to act towards the implementation actions that assist in achieving goals. Finally, intensity is extent "to which the regime elements urge changes in the status quo or in current developments" [24] . These dimensions can be used to follow up the first descriptive step and enable a more in-depth picture of the governance setting regarding a given issue (see Table 1 ).
Strategic Niche Management
SNM [25] [26] [27] [28] [29] [30] [31] [32] provides insight into fostering technological and social change and at the same time initiates sustainable innovations at the niche level. SNM is an analytical framework designed to facilitate and study the introduction and diffusion of new sustainable technologies through societal experiments that contribute to forming a niche [25] .
SNM theorists argue that successful radical innovations derive from socio-technical experiments in which various stakeholders collaborate, exchange information, knowledge and experiences. Therefore, SNM involves participation of several actors making it a multi-actor approach [26] . It states that governments (as participating actors) can be instrumental in facilitating wider transitions. It also illustrates how widespread technology change within well-established socio-technical systems can be achieved [28, 31, 32] . This can be done by facilitating the process of niche formation and setting up a set of successive experiments, often supported by (government induced) policy instruments that support niche development processes (e.g., by subsidy schemes, regulatory exemptions, or programs that include pilot projects). Many SNM scholars explain the success or failure of niches by analyzing the interaction between the three main factors influencing niche processes, i.e., shaping of expectations, building of social networks, and learning processes [25, 26, 33] . SNM not only focuses on niche formation by organising experiments, but also by targeting the gradual breakdown of regime structures and barriers that block niche development [27] .
The Governance Assessment Tool and NZEB Niche Development
This paper uses the GAT as the main analytical framework. Using the GAT provides insights on the current governance context of NZEB demonstration projects and NZEB niche development in regions that are studied. The assessment can highlight the challenges in the governance regime which might obstruct or slow down the large-scale implementation and adoption of NZEBs, but may also help to identify potential drivers and strengths. In addition, the results can be used to make a holistic ex-ante evaluation of how the governance context can influence collaborative management of the NZEB niche development process in a particular region. It will also be of theoretical interest to use GAT in a way that allows for assessing niche development of a given sustainable innovation. This is rather novel since GAT has not been used for this purpose previously (and certainly not in transition studies research) to assess the development and diffusion of sustainable innovations in the built environment, nor in the energy domain.
Conceptually, the GAT and SNM reflect commonalities and can be used collectively to broaden the scope and understanding of long term transitions, sectoral innovations, policy implementation and the state of governance in niche development processes. In both the assessment frameworks, actors and their networks are highlighted as an important determinant for innovations and for assessing the governance context. Therefore, it should be right to assume that evaluating actors and their interactions (at niche level as well as at sectoral level) could play a key role in understanding innovation and diffusion of sustainable technologies, and the state of governance in a holistic way. Similarly, problem perceptions and goals (of where the governance is headed) which is a key aspect of governance in the GAT, shows similarities to shaping of expectations (converging towards shared visions and goals). Although responsibilities and resources (from the GAT) and learning process (from the SNM) do not specifically reflect any conceptual commonalities, they may be interdependent on each other (e.g., efficient use of resources-human and capital resources-can directly affect the learning process and vice-versa) Moreover, in facilitating learning processes sequential experimentation is required. This requires the mobilization of resources by actors who desire further experimentation, foster learning processes, and i support niche formation.
The GAT complements conceptual elements of SNM and hence gives us the opportunity to assess complementarities of the governance setting through a "SNM lens". SNM on the other hand supports and complements GAT by understanding which policy and market barriers prevent innovation, which are largely termed as regime barriers. Moreover, it adds the niche-regime-landscape dimension to the (already multi-dimensional) governance assessment framework. Therefore, this paper will first use GAT to assess case study data, and then subsequently assess conceptual complementarities and differences when reflecting on empirical data from a SNM perspective.
Research Design and Methodology
A case study design was used to analyze the governance of NZEB niche formation in New Delhi. The latter, the capital of India, was selected as a single case study to illustrate how the GAT can be applied to NZEB niche formation, and address how it compares and contributes to more traditional SNM analysis.
Case Selection
Next to being an illustrative case, New Delhi is also important because of its extremely high number of inhabitants and the degree of urbanization (which includes a vast building sector). New Delhi also reflects a high level of institutional and governance complexities, next to exhibiting vast developments in the green building sector as compared to the other parts of the country. Therefore, within the Indian realm, we believe that the New Delhi case would be the best one to study NZEB niche development from a governance perspective. The highly-urbanized character of the region exerts a tremendous pressure on public delivery of services including housing, construction of new buildings, energy demand, and poses a great challenge for the city administration.
The Building Sector in New Delhi
New Delhi comprises of a total geographical area of 14,300 hectares (Figure 1 ) [34] . According to the Masterplan 2021, land use distribution in the capital area is nearly 45-55% under residential buildings, commercial space comprising of 3-4%, 4-5% for industrial, 15-20% of green space, 8-10% of public and semi-public facilities and circulation comprise of 10-12%. Thus, nearly 60-70% of land use comprises buildings [34] . Buildings consume huge amounts of energy in lighting, cooling and ventilation [35] . New Delhi has the highest per capita power consumption among the States and Union Territories of India, with a consumption of 1265 KWh per capita per annum as compared to the national average of 606 KWh [7] . The power demand in New Delhi is vastly growing, at a rate of 5-6% yearly [1] , and the number of electricity consumers in the region has grown by 90.47% during the last ten years, with the highest growth in residential and commercial buildings [7] .
As far as growth of energy efficient or green buildings is concerned, a vast uptake was observed for green certified buildings either under LEED, IGBC (the Indian Green Building Council certification system), and the Green Rating for Integrated Habitat Assessment (GRIHA; which is a rating tool that helps building owners to assesses the performance of their building against certain nationally acceptable benchmarks). LEED, IGBC and GRIHA constitute three independent green building rating systems that are used in India. In New Delhi, LEED certified buildings encompass 3.2 million sqft of built up space [36] , LEED India (IGBC) comprises of 8.3 million sqft space [36] and GRIHA certified building comprise of 612,487 sqm of built up area [37] .
The demand of energy conscious buildings has gained momentum mostly in the commercial building sector [38] . Several green certified buildings have also seen the uptake of renewable energy integration [39] . In GRIHA certified buildings, there is a mandatory criterion to offset 2.5% of annual energy load of the building by RE integration for daytime operated buildings, 0.5% by RE for full time operated buildings and no requirement for residential buildings [37] . Additional points are given in the criteria if the client exceeds the mandatory requirement. Therefore, these buildings can arguably be viewed as low energy or near zero energy buildings. However, as far as NZEBs are concerned, there is only one office building by the Ministry of Environment, Forest and Climate Change (MOEFCC), Indira Paryavaran Bhawan which claims to be India's first NZEB office building, which is also a GRIHA and LEED certified building [37] . In addition to RE integration criteria, GRIHA gives incentives to developers for GRIHA certification in new construction in New Delhi with 5% extra floor area ratio (FAR) in buildings [37] . This is seen a highly supportive.
Given these characteristics we view New Delhi as the region in India in which development and widespread uptake of NZEBs would be most urgent. For this reason, we consider it the most appropriate case in India (although it is somewhat of an extreme case) to assess its governance setting vis-à-vis NZEB niche development.
Data Collection
Data collection involved both primary and secondary data sources. First, a stakeholder analysis was conducted to identify important and relevant stakeholders who are part of the governance setting, and directly or indirectly affect the NZEB niche development process in the building sector. This also included actors who have a significant role in promoting green building, energy efficiency and nearor net zero energy buildings. This involved experts from national ministerial authorities, state and city authorities (municipal bodies, development authorities), building sector associations, financial institutions, building owners, construction developers, utility providers, architects, sustainability consultants, research and academia, manufacturers, and technology suppliers. These identified stakeholders were then shortlisted according to their direct engagement in actual green building projects, sustainable building projects, or NZEB projects in New Delhi.
For all of the identified stakeholders, an attempt was made to contact at least two to three actors from each stakeholder category (e.g., architects, academics, or developers). Contacts were made via e-mail, which were followed by phone calls. In some cases potential interviewees needed approval from their respective organizations. This especially applied to government agencies and international aid agencies. The first author (who participated in the USAID PACE-D TA Program which included NZEB promotion and awareness raising activities in one of the work packages) also used her professional network of expertise to get access to some of the selected organizations. After contact was made, each of the contacted experts was briefed about the research project, its aims and objectives. As a result, fourteen in-depth interviews with the stakeholders who agreed to participate were conducted between September 2015 and July 2016.
A semi-structured questionnaire was prepared for the interviews (see Appendix A). The questions were largely based on the five dimensions of the GAT framework along with the four complemented quality criterions as described in Section 2.1.1. In addition, questions containing key concepts from SNM were included. All the interviews were conducted face to face, recorded and transcribed into text files (interview transcripts), which were then used for analysis using the qualitative analysis software of ATLAS.ti. This software program assists qualitative researchers to locate, code, and annotate findings in text files, to weigh and evaluate their importance, and to visualize the complex relations, supporting data analysis (i.e., the interview transcripts) [40] .
In addition to collecting data via face-to-face interviews, the main researcher (first author of this paper) participated in important project based meetings which included accelerating NZEB awareness and knowledge in the building industry. Finally, secondary sources of data were gathered and analyzed (e.g., published reports, newspaper articles, project briefs, etc.).
Data Analysis
Data were treated using a coding scheme, consisting of codes resembling the five dimensions and the quality criteria of the GAT. This allowed for a systematic analysis. Each dimension of the GAT framework that is the five components formed the basis for developing codes in the transcribed documents against the four quality criteria's. A set of sub codes was further developed along with their occurrences. These were then used to weigh and evaluate their importance to assess the context with respect to the governance dimensions, and hence supported analysis of the data. The coding clusters supported in conducting an unbiased assessment of the data available from the interviews.
Furthermore, to avoid personal bias the interview transcripts and results of the analysis had to be approved by experts, having participated in the interviews. This happened-amongst others-during an expert meeting. In addition to this, the main researcher (first author) did not conduct the analysis alone, but also received feedback from the other researchers (supervisors) on the preliminary results of the analysis. Finally, personal bias was avoided by selecting interviewees via systematic sampling of the stakeholders by conducting a thorough stakeholder analysis before contacting the actors for interview participation. Hence, selection of interviewees was not restricted to 'snowballing' within author's expert network only.
Interviews and meetings with the representatives of all relevant stakeholders provided a clear picture of the governance context by allowing its assessment along the four governance criteria of extent, coherence, flexibility and intensity. The essence of those criteria was repeated each time before describing the observations made in the selected region.
Results

Governance Assessment of the New Delhi Case Study
4.1.1. Extent: Are All Relevant Elements Taken into Account? Levels and scales: All government levels ranging from national, state to local level relevant to NZEB niche formation were found to be present, however no specific NZEB goals formulated by those governments were observed. There were separate goals from related energy efficiency (EE) and renewable energy (RE) policies. These related policies encompassed different levels of government; i.e., from national government to state level and to urban local bodies (for implementation).
At national level, the Bureau of Energy Efficiency (BEE, the statutory body under the Ministry of Power; Government of India (GoI)) facilitates and coordinates energy efficiency initiatives as per the Energy Conservation Act (EC Act, 2001). Second, the Ministry of New and Renewable Energy (MNRE) develops and facilitates large scale adoption of RE (renewable energy) technologies through integration in buildings by design and implementation of instruments. And third, building bye-laws are governed by the Ministry of Urban Development (MoUD). Thus, at the federal level there are three separate governmental bodies that deal with different aspects for potential NZEB adoption or for green buildings.
The regional or state level is the most prominent government agencies as far as implementation is concerned. They play an enforcing role to facilitate, and implement the policies. They exercise the power to amend policies to suit the regional and local climatic conditions and may, by rather legal and policy stipulations made by them, specify and notify the use of energy in the buildings. The Energy Efficiency and Renewable Energy Management Centre (EERMC), works as a State Designated Agency (SDA) to coordinate, regulate and enforce of the Energy Conservation Act of the region. It has also been designated as State Nodal Agency (SNA) for implementation of programs by the MNRE. The EERMC is responsible for promotion of renewable energy, energy efficiency and energy conservation in the New Delhi. For these reasons context (extent) is considered as supportive due to completeness of the levels required for NZEB adoption.
Actors and networks: All relevant actors needed for NZEBs niche formation were present in the regional building sector in the region. However, only a handful of them were found to be actually involved, and appeared to be sufficiently motivated towards the concept of NZEB, largely due to the fact that NZEB is a relatively new expression for highly energy efficient green building with only very few running demonstration projects. Nevertheless, actors were found to be sufficiently involved with ongoing green buildings in the region. The actors that are motivated mostly concern energy efficiency experts, passive design architects, motivated clients (mostly public sector), technology manufacturers and suppliers (energy efficiency and on-site RE generation technology providers, advanced metering and building control technology providers). More relevant stakeholders-in particular government actors (in particular the EERMC)-"need to be actively involved to support the uptake and develop a mature NZEB niche, along with creating awareness", as stated by an architect during an interview.
There is sufficient potential to include architects, educational institutions, the research community, contractors, builders and developers, the industry association, and green building councils to make them aware about the NZEB concept.
In sum, all the actors that are necessary for decision making are basically present, but since the concept of NZEB is so new and under-researched in the Indian context many potential relevant actors are poorly motivated, and hardly involved. The present extent of actors is therefore considered 'neutral', but shows signs of progress.
Problem perceptions and goals: Actors have various perceptions, which were highlighted during the interviews. They include: poor and inadequate energy infrastructure along with inadequacy to deal with rising energy demand in buildings. It was also highlighted by 8 out of 14 interviewees that having only a few NZEB pilot demonstration projects is considered insufficient to raise the expectations (as they exhibit the potential, but do not drive the market). Economic benefits also need to be re-assessed as NZEBs are perceived as costly due to the use of expensive technologies (both related to energy efficiency and renewable energy). Interviewees also highlighted that green buildings still face resistance from mainstream developers and builders as they are largely concerned about increase in construction cost without resulting in higher selling price. Hence, developers and builders disregard anything that brings increased upfront costs. They are however, incentivized by giving extra FAR to GRIHA rated buildings in New Delhi. However, interviewees stated that developers are hardly attracted to this incentive in the region with very few applications for extra FAR.
In addition, various definitions describe NZEBs, and this varies across different contextual settings. In a dense urban setting like in New Delhi, interviewees argue that the NZEB needs to be re-assessed as per local and regional limitations, and needs. For example, due to high urban density, on-site NZEBs may not be a feasible option in the case of high rise buildings or potential of wind energy may be very limited. Nevertheless, various problem perspectives were found to be taken into consideration by different actors who were interviewed, which can therefore be seen as supportive in considering multiple aspects (e.g., technical, policy, economic aspects). However, the absence of goals for NZEB appears to restrict the adoption by many actors. Hence, when assessing the extent of problem definitions and goals it appears as to be rather neutral.
Strategies and instruments:
Increased energy efficiency was seen as a high priority in the 12th five-year plan with various non-price incentives to promote energy efficiency. Several of these are included in the National Mission on Enhanced Energy Efficiency (NMEEE) (which was launched in 2008 as one of the eight missions in the National Action Plan for Climate Change). Energy efficiency in buildings is seen as one of the important five approaches adopted with a national Energy Conservation Building Code (ECBC; ECBC sets minimum energy standards for commercial buildings having a connected load of 100 kW or contract demand of 120 KVA and above. While the Central Government has powers under the EC Act 2001, the state governments have the flexibility to modify the code to suit local or regional needs and notify them. Presently, the code is in voluntary phase of implementation. About 22 states are at various stages of mandating ECBC). Stakeholders consider this as highly supportive.
There is continued attention to renewable energy resources in the 12th five-year plan, with national solar mission program initiated by the Government under NAPCC. The document emphasizes development of grid connected solar applications by offering feed-in-tariffs, net metering policy and other supportive policy instruments. The mission has set a target of 1,000 MW by 2017 reaching 1 million households in the country [41] .
An addendum to the National Building Code of India (NBC) 2005 was finalized in 2016, including a chapter on sustainable building design, namely, 'Approach to Sustainability', so that sustainable construction practices are adopted in all future building constructions (the NBC, a comprehensive building code, is a national instrument providing guidelines for regulating the building construction activities across the country. It serves as a model code for adoption by all agencies involved in building construction works, be they public works departments, other government construction departments, local bodies or private construction agencies).
Previously, the government has shown interest towards developing a long-term roadmap for NZEBs through bilateral project agreements with the United States. The Energy Conservation and Commercialization (ECO) was implemented in three phases in which the NZEB concept was introduced in ECO III (the ECO III project worked towards identification and development of a collaboration framework between the US DOE National Research Laboratories, U.S. academic institutes and research centres, and the CEPT University in India (PACE-R)) phase , and later again in the USAID PACE-D TA Program phase (2012-17), focusing on the extension of ECBC (towards super ECBC buildings) ready to integrate RE goals, and introducing the NZEB knowledge dissemination portal; a NZEB online knowledge dissemination portal has been launched by the Government under the USAID PACE-D TA program). These efforts were largely initiated by these agreements through international partnerships.
In sum, the presence of various programs and instruments toward EE and RE for buildings are seen as highly supportive. They reflect a high degree of extent in terms of separate instruments, and can potentially be combined into one holistic, integrated future NZEB policy (as voiced by nine out of 14 interviewees).
Responsibilities and resources:
There is disparity and inconsistency between the large range of responsibilities which have been assigned to multiple actors especially between the national, state and local level. A large majority of interviewees consider it as imperative to demarcate a careful division of responsibilities between the state level government bodies, regional planning authorities and urban local bodies (ULBs). Moreover, there is the often-limited level of financial and knowledge resources, and for some of the stakeholders they are even decreasing. This also holds governmental parties that have to cope with the limited level of resource input when formulating innovative and cohesive policies. For this reason the building sector energy efficiency programs are often implemented through cooperation with international aid programs (e.g., the ECBC implementation with UNDP, EE high rise residential building guidelines with the Swiss Development Cooperation etc.). In sum, the extent of responsibilities and resources can therefore be viewed as rather limited.
Coherence: Are the Elements Reinforcing Rather than Contradicting Each Other?
Levels and scales: At the national level, the three national level agencies of BEE, MNRE and MoUD work within their respective jurisdictions and authorities. Their interactions are limited, which restricts opportunities to work together in an integrated manner. They appear to be isolated. This leads to institutional fragmentation and in turn to confusion at lower levels of government when the policies have to be implemented (and are depending on the compliance by municipalities, often using their own bylaws). They have separate goals and missions, and inter-ministerial coordination is absent. In addition, there is a lack of unified policy and national programs for NZEBs. This makes the context appear to be restrictive.
At the state level the institutional framework allows to work together for the implementation of EE and RE policies (with same SDA and SNA). This can be considered as positive and in support of NZEBs. Currently, the SDAs do not collaborate at the local level with ULBs to initiate enforcement of the policies for EE and RE in buildings. In doing so, they follow the top-down hierarchical institutional framework. In sum, coherence regarding levels and scales is considered as neutral.
Actors and networks:
The strength of interaction between the existing actors was found to be fragile and is only possible through a formal platform, for example in the form of a conference or a workshop. In the past this has been possible through bilateral project agreements. These programs brought all the important stakeholders from the building industry and technology providers from India and the U.S. (and other Western countries such as the United Kingdom. and Switzerland) together. It helped to raise awareness and initiate discourse about the new and relatively unknown concept of NZEBs in the Indian building scenario by engaging in a series of workshops and exchange programs.
Similarly, awareness raising initiatives have been launched by the bilateral programs in the past to activate and engage relevant building industry actors to increase actor interactions and operationalise an industry alliance. However, the interviewees also revealed that the relatively active NZEB actors fail to interact or develop synergies with each other, and only end up interacting in formal arenas. They appear to be engaged in direct components of the on-going bilateral programs (e.g., in alliance formation, and demonstration projects of their own). As a result, they compete with each other for projects as they are part of the same industry. This relates to limitation in innovating on common interest between configurations of different NZEB pilot projects.
The set of active stakeholders can be viewed as a relatively closed group. They appear to operate in silos. As a result, there is a large gap in knowledge exchange between certain important stakeholders needed for innovation. Most of the stakeholders also refrain from sharing project data and exhibit a lack of trust towards others. Therefore, the coherence regarding actors and networks can be considered as poor.
Problem perceptions and goals: NZEB niche formation and its related problem perspectives are so far not reflected in the national government's policy goals. Currently, there is no shared goal, nor a single goal, nor a target for NZEBs in India (both at the national and the state level). Various goals have been formulated by the government on EE and RE in separate visions and programs. For example, the state government has announced an ambitious solar PV installation target for the year 2020 with a total installed capacity of 20,000 MW. A mandatory implementation of ECBC in the 12th five-year plan is expected to enable a greater shift in the building sector paradigm which sets minimum standards for energy performance in buildings. In addition, the government has set targets for reducing GHG emissions through the NAPCC which includes a mission for sustainable habitats. This encourages implementation of energy efficiency in buildings. In fact, the goals are there but to some extent they are enforced by different ministries and do not converge (as they are conceptualised in isolation). As a result, these goals are in conflict with each other and only add to fragmentation and complexity. Hence, coherence on problem perceptions and goals can be considered as limited.
Strategies and instruments:
The related strategies and instruments that appear to support innovations in NZEBs are disconnected from each other both in both the policy making and implementation processes. They either focus on the EE or RE component of a NZEB, but hardly on both. Moreover, they (policies like ECBC codes or net metering) are often considered as restrictive due to their isolated character, and often exhibit a lack of coordination. On the other hand, they are neither really working against each other. Each of these instruments needs to become strong at the ground level for implementation for a comprehensive NZEB policy, with strengthening of local administrative bodies or municipalities. One of the interviewees highlighted the increased emphasis on RE components while neglecting the EE aspect of building design and construction. This may potentially impede future niche development for NZEBs. For these reasons coherence in terms of instruments and strategies can be considered as poor.
Responsibilities and resources:
No clear responsibility for NZEB niche formation was identified among stakeholders. This leads to institutes working in isolation from each other. In addition, there are many top-down hierarchical structures, which leads to a lack of transparency in terms of responsibilities and role division between stakeholders with regard to NZEBs. Most of the interviewees mentioned that these actors are given multiple responsibilities. Some of them are even overlapping, which in turn leads to duplicity of efforts, which happens almost at all levels of implementation. This also creates competence struggles and thereby avoidance of cooperation. A low degree of coherence is observed because these actors do not reinforce each other nor create synergies.
The existing responsibilities of the SDAs are not well supported by appropriate resources as they lack a substantially skilled labor force to understand and support NZEB adoption. Their resources are derived from sources that often have different goals. Since most of the actors have insufficient personnel and technological knowledge, they focus more on fulfilling their individual tasks than on recognizing and responding to the each other's needs.
In sum, coherence regarding responsibilities and resources can therefore be considered as limited.
Flexibility: Are Multiple Roads to the Goals Permitted and Supported?
Levels and scales: The institutional framework imposes decision making in governmental organizations in a top-down hierarchical manner. This also holds for responsibilities. These levels work within their own jurisdictional boundaries, and are restricted in this way. For instance, buildings with pre-set NZEB goals will also need additional approval at different stages of the project cycle. Hence, many organizations are involved at various levels. Moreover, ULBs, SDAs, and energy grid operators refrain from showing flexibility or convergence to other organizations. A fair degree of adaptiveness is only seen at the state level where states have the power and flexibility to modify the national government policies and programs to suit the local and regional needs, and address them. However, the other stakeholders involved in local implementation actions are stringent and do not encourage any change from their business as usual, in terms of practices and work procedures. For NZEB niche development this situation is viewed as restrictive with little opportunity for upscaling and downscaling policies between different government levels.
Actors and networks:
Since the actor network is limited and hardly active, it is relatively easy for newcomers to enter. This also applies to entrance to readily established 'issue networks', which can therefore be considered 'flexible'. However, actors with experience and fair knowledge of NZEBs (the actors who have worked in NZEB pilots) may get a better say and authority in future projects. The flexibility regarding actors and networks is assessed as rather good.
Problems perceptions and goals: Since NZEBs are not yet part of (official) government policy, reassessment of goals is possible. Technical and economic aspects can be explored, as the NZEB concept is still immature. Therefore, case specific modifications are still possible, similar to those adopted in the Indira Paryavaran Bhawan project (a NZEB pilot project) in New Delhi, with a relaxation in a permissible built area and extension of roof projections to accommodate solar PV installations. Few interviewees stated that NZEB definitions need reassessment specific to local context, which can be explored by frontrunners and public sector pilot projects. Re-alignment of goals is potentially possible. This is considered as supportive for future large-scale NZEB implementation. An optimized packaging of separate policies can be beneficial in the long run for the NZEB niche development and uptake thereafter. Therefore, the goals are seen as supportive for re-alignment. The flexibility of perspectives and goal ambitions is considered as relatively good. It should be considered that this degree of flexibility is partly a positive side effect of weak and fragmented government policies. Improvement on that side might endanger the observed flexibility, however.
Strategies and instruments:
Existing instruments look flexible enough to be integrated with other existing policies and clusters. However, independent policies themselves are complex and have long process applications for implementation. For example, the net metering policy application process is considered as extremely lengthy, and is not considered user friendly. Even the process of approval takes a lot of time. Similarly, all of the NZEB stakeholders considered ECBC to be complex and difficult to understand (in particular by contractors and project developers). In spite of that, existing instruments can be applied in combination with each other. For example, ECBC compliant building owners can easily take incentives from MNRE for solar integration, and also for net metering application. In sum, the flexibility of strategies and instruments can be viewed as supportive to NZEB niche formation.
Responsibilities and resources: Since most of the NZEB concept is introduced to the Indian building sector by international bilateral programs, along with BEE, the responsibilities are not flexible and follow a bureaucratic approach of command and control. Moreover, there are only few opportunities to use resources for joint purposes. In addition, there is competition for the scarce resources available due to dependency on external resources. Therefore, flexibility regarding responsibilities and resources can be considered as limited.
Intensity: How Strongly Do the Elements Urge Changes in the Status Quo or in Current Developments?
Levels and scales: Most of the stakeholders consider central level regulatory measures as the strongest driving force for large scale implementation as well as innovation in the building sector. They view that the central government ministries should take an active role in developing a comprehensive set of unified NZEB policies and regulations. Currently, NZEBs are not present in the national government agendas nor missions, but only in a piecemeal fashion, and used by various authorities in diverging ways. Hence, there is neither an integrated approach, nor a program from the national government to support the uptake of NZEBs. In sum, the present intensity of levels and scales is considered neutral. However, according to our interviewees there is reason to believe that this may improve in the future.
Actors and networks:
The existing actor network exerts only marginal pressure on any change from business as usual practices. A lack of support policies does not incentivize people to adopt NZEBs, but may (slightly) incentivize them towards taking an interest into energy efficient buildings (ECBC is a voluntary code) in New Delhi. This also applies to the Green Rating for Integrated Habitat Assessment (GRIHA) rating tool, which is basically targeted to all new public sector buildings (GRIHA attempts to minimize a building's resource consumption, waste generation, and overall ecological impact to within certain nationally acceptable limits/benchmarks). Moreover, most non-governmental stakeholders are looking for government initiatives to guide the actor network in the desired direction. However, currently this condition is absent. This limits the overall flexibility of actors and networks.
Problems perception and goals: Stakeholders observe that only few NZEB pilots show that the concept is feasible and RE integration is possible in buildings. Moreover, they do not show large scale societal and economic benefits. More so, performance of existing NZEB pilots is not shared with the public. This does not cause any shift in the existing building sector's regime. Awareness and interest among the industry is seen about energy efficiency buildings (through other market based green certifications, such as LEED and GRIHA certifications), but not particularly in relation to large scale adoption of NZEBs. However, present goals in the 12th five-year plan and at the state level to implement the ECBC code are considered to be in line with the market transition for energy efficient buildings. This is considered as rather positive. Government agencies can work towards a roadmap for large-scale NZEB uptake with large scale solar PV installation targets which have been recently initiated as the Delhi Solar policy. The goals that are accepted for the future at the state level are considered pretty ambitious, but will be confronted with a still existing strong emphasis on low initial building cost. The intensity for problem perceptions and goals can therefore be considered as neutral, as many economic goals are much stronger and without ample evidence that NZEB can actually be profitable this will exert "neutral" overall influence.
Strategies and instruments: Due to ambitious national level targets on RE installation, the state SDA is implementing multiple solar specific instruments which mostly concern subsidies and other (financial) incentives. This, to some extent, increased the marketing value of the RE integration by raising more awareness and increasing knowledge levels about solar integration in buildings, with reduced costs. Hence, these instruments have been rather successful in changing expectations, and move the market towards more technology interventions in buildings. A neutral degree of intensity is observed regarding strategies and instruments. Regulatory measures and incentives with lucrative financial implications are also viewed as an important impetus to support actor network formation.
Responsibility and resources: Implementation is expected to occur according to the goals determined by higher levels of government, yet there is insufficient effort bestowed to ensure that the goals are actually met, and at minimal support for doing so. The existing intensity is weak as there is lack of financial resources, knowledge and skills for adoption and uptake of NZEBs in Delhi, with only one NZEB pilot project. It is only through the public sector NZEB pilot demonstrations that government agencies agree to the allocate additional budgets to cope with the high cost of NZEBs.
There is a perceived need to decrease the knowledge gap among the various actors in the building industry. In spite of the existing knowledge high upfront costs of these projects sometimes slows down the niche development process from private sector stakeholders. According to the interviewees, the state implementation agencies should get involved in increasing the stability of funding resources, recognizing and supporting innovative locally tuned implementation process through flexible and supportive instruments, and communication. The context on responsibility and resources is observed to be of restrictive nature.
Overview
A visual presentation of the governance of NZEB niche development in New Delhi is presented in Figure 2 (in the form of a 'GAT scorecard'). The green cells represent the results of the analyzed issues according to the issue matrix of the GAT in Table 1 that are considered satisfactory (positive); red cells, on the contrary, present results that are considered worrying (negative); and orange cells present results that are considered rather unsatisfactory or uncertain (neutral). The (+) indicates that the present situation is changing in a positive direction or will change positively in the foreseeable future, whereas the (−) indicates that the situation is deteriorating, and is not likely to improve in the foreseeable future.
The governance context can be seen as highly incoherent, with fair degrees of flexibility, intensity, and extent (see also Figure 2 ). From the extent perspective, New Delhi can be seen to be in a position to adopt NZEBs, with a supportive context for actors and networks, problem perspectives and strategies and instruments. In this context, actors neither have incentives, nor are motivated by policies, because they are not in line with the goals. The local level actors have the authority, flexibility and support to address their own issues (within a given project boundary). Hence the incoherent but flexible and moderately intense context of the selected region shows that the governance context is in a position that allows actors to actively collaborate and manage NZEB niche development, provided that the supportive qualities are enhanced through collaborative management.
The case study revealed that government initiatives are largely taken through various strategies and instruments which partly support NZEB demonstration project implementation. In New Delhi, existing NZEB pilots are supported by the government by showcasing public buildings as NZEBs, with increased budgets.
What is initially interesting is the wide variety of configurations that have been observed. Given the interpretative nature of the GAT, the factors leading to these differences brought into the picture, through a further examination of the cases, could provide additional insights about the influencing factors and whether or not there are relationships between the various qualities related to them.
In addition, the results can be used to make a holistic evaluation of how the governance context influences collaborative management of NZEB niche development, and useful in comparing the existing strengths and weakness in the governance context. The GAT analysis revealed a few regime barriers such as isolated sectoral policies which are hardly coordinated nor integrated with other regime policies, which leads to sectoral policies restricting NZEB deployment in pilot projects (and up scaling at a later stage), in addition to minimal incentives to encourage contractors and project developers to pursue NZEB goals. While applying the SNM approach in assessing the governance setting in the selected case study, many insights can be drawn. As described in previous sections SNM uses problems and perceptions, social network formation and learning process as three important building blocks. The case study revealed that network formation was rather weak, as was shown in the GAT analysis by the lack of coherence. Network venues only comprised a few workshops and a conference. Moreover, most NZEB actors were found to operate in isolation. This, in turn, hampered learning processes, which eventually led to slow niche development. Project based goals and visions were found to influence project outcomes by allowing the stakeholders to work together on pre-set goals. However, a lack of knowledge, budget limitations, and a lack of resources proved serious challenges to the niche development process.
In line with SNM-which states that niches often receive government protection-the case study revealed that the only NZEB demonstration project in the region was protected by the government (through increased budget allocated for a public sector building project). In addition to this, the rooftop solar panels were granted roof extension beyond permissible by-laws making it as a special case for NZEB demonstration. Therefore, the pilot demonstration was highly protected by the government initiatives to showcase NZEB features. Hence, SNM highlights the protected space under which niches can grow. However, this was not observed in any other public building projects in the region. Other regime barriers also led to the slow growth of the niche (such as sectoral policies, which were found to be poorly aligned).
Discussion
From an SNM perspective, using the GAT to analyze the governance system for niche formation was useful in assessing the state of governance for fostering such innovations. SNM uses the three theoretical building blocks of problem perceptions and visioning, social network formation and learning process as primary niche formation processes with the important issue of creating 'protection' from the market to organize niche experiments [42] . This shows similarities to some of the GAT components, namely: actor and networks, perhaps somewhat to (adjusting) 'problems and goals', and (getting access to) resources (to afford new sets of experiments).
Moreover, applying the GAT as an analytical tool was useful to understand and assess the governance context in the building sector in the selected case study vis-à-vis NZEB niche development. The study is of theoretical interest as GAT allows for assessing the governance component of niche development and sustainable innovations (like NZEBs). This is rather novel since While applying the SNM approach in assessing the governance setting in the selected case study, many insights can be drawn. As described in previous sections SNM uses problems and perceptions, social network formation and learning process as three important building blocks. The case study revealed that network formation was rather weak, as was shown in the GAT analysis by the lack of coherence. Network venues only comprised a few workshops and a conference. Moreover, most NZEB actors were found to operate in isolation. This, in turn, hampered learning processes, which eventually led to slow niche development. Project based goals and visions were found to influence project outcomes by allowing the stakeholders to work together on pre-set goals. However, a lack of knowledge, budget limitations, and a lack of resources proved serious challenges to the niche development process.
In line with SNM-which states that niches often receive government protection-the case study revealed that the only NZEB demonstration project in the region was protected by the government (through increased budget allocated for a public sector building project). In addition to this, the roof-top solar panels were granted roof extension beyond permissible by-laws making it as a special case for NZEB demonstration. Therefore, the pilot demonstration was highly protected by the government initiatives to showcase NZEB features. Hence, SNM highlights the protected space under which niches can grow. However, this was not observed in any other public building projects in the region. Other regime barriers also led to the slow growth of the niche (such as sectoral policies, which were found to be poorly aligned).
Moreover, applying the GAT as an analytical tool was useful to understand and assess the governance context in the building sector in the selected case study vis-à-vis NZEB niche development. The study is of theoretical interest as GAT allows for assessing the governance component of niche development and sustainable innovations (like NZEBs). This is rather novel since the GAT has not been used thus far to assess developments and diffusion of sustainable innovations in the built environment, nor in the energy domain. The challenge to use GAT in this way, however, urges one to rethink how to incorporate key theoretical notions of SNM with GAT.
In both the SNM and GAT assessment frameworks, actors and their networks are highlighted as overlapping drivers for innovations and for assessing the governance context in which innovations evolve. Therefore, evaluating and assessing actor (and actor-network) interactions forms a critical part of the GAT assessment framework. As social interaction processes in multi-actor arenas are mostly driven by the actors involved, these interactions form a central stage in the theoretical basis that is key to both GAT and SNM. Hence, interaction processes are considered as an ultimate driver for niche formation, sustainability transitions and innovation. In this sense, actor-networks can be seen as the key units of analysis in both the GAT and SNM frameworks, in particular because they form the key social configuration in which other important drivers for supportive governance context occur, such as problem perceptions and goals, levels and scales, strategies and instruments, and resources and responsibilities.
The theoretical components of SNM can be viewed as similar to some key elements of the GAT. Combining insights from the two concepts may allow for broadening the scope and furthering understanding of long term sustainable transitions, sectoral innovations, implementation of transition-oriented policies, and assessment of the role and state of 'governance' in niche development processes in sectoral systems. Furthermore, the four quality criteria mentioned in the GAT framework can be used to evaluate the niche development process with respect to the three building blocks of the SNM. For example, actor interactions, expectations, and learning processes can all be evaluated as per the four quality criteria's (extent, coherence, flexibility and intensity) to understand overlap with the GAT framework. This can be further elaborated in future empirical research. It will be interesting to augment understanding of the governance context of niche development and sustainable innovations (like NZEBs) through more empirical cases that are also analyzed using the GAT.
The findings also reveal the importance of international aid instruments to initiate sustainable innovation in the building sector for NZEBs, also influencing the governance context. For example, actor network formation was initiated largely by networking platforms under aid programs (e.g., via NZEB conferences and workshops), which in turn also influence policy instruments such as developing the ECBC code for buildings with component of super ECBC buildings ready for RE integration [11] . Hence, in developing countries, such as India, a large extent of building innovations is advocated and developed under those programs, thereby exerting a change of governance regime. The instruments used under those programs are seen as important drivers to bring about transition in sustainable technologies by kick starting the niche formation process [11, 43] .
Conclusions
In this paper the state of governance towards NZEB niche development was analyzed in case of New Delhi. A case study research design was used to assess the governance context It was found to be moderate in terms of extent, but rather incoherent, only moderately flexible, and intense in other areas. This shows that the governance context can be viewed as moderately supportive towards NZEB niche development on the one hand, but also restrictive on the other hand. The main results of the governance analysis are presented below:
•
The study revealed that all of the levels relevant for NZEB adoption were present, but they were found to be isolated in relation to NZEB niche development. However, the presence of all the institutional levels is considered as positive in relation to the development of future innovation and diffusion programs.
• Similarly, most of the relevant actors needed for NZEB niche development were found to be present, but they were only poorly motivated towards building up the alliance network and to initiate knowledge building and learning.
• An increasing number of critical aspects for NZEB adoption are taken into account by the existing NZEB stakeholders, which provides a good test bed for creating visions and goals for the future uptake of the concept.
• Currently, most of the instruments and strategies are also present both related to energy efficiency and renewable energy integration in buildings, but they are not part of a holistic program (such as one unified NZEB policy or a code for implementation).
The responsibilities and resources are seen as a weaker component of the governance context for NZEBs, as the resources are limited both in terms of capital investment and knowledge capacity.
Using the GAT in our opinion was useful and brought many aspects to light regarding the quality of the governance of NZEB niche development. The assessment highlighted the challenges in the regime which is obstructing and slowing down the introduction and diffusion of NZEB innovations, and at the same time identifying potential drivers to spur NZEB niche development. In addition, the results can be used to make a holistic ex-ante evaluation of how the governance context can influence collaborative management of the NZEB niche development process.
By using the GAT complementary to SNM, further understanding of the quality of governance in a given context was gained with additional insight into existing institutional levels, strategies and instruments, and the resources and responsibilities available. Having had a good experience in analyzing NZEB niche development while using both approaches, we suggest that the use of both can be recommended in future niche development studies, particularly those focusing on the governance of niche development. Therefore, the GAT as a qualitative assessment framework towards the state of governance which can be complemented with the mainstream SNM approach can potentially be used for informed decision making by the government and policy makers towards introduction and diffusion of new sustainable technologies in a developing country. Before doing so, we do, however, suggest researchers to pay attention to the presence of a few pre-existing conditions. These conditions concern: (i) there needs to be some innovation in at least a certain (developed) phase of niche formation; (ii) there needs to be at least some form of 'governance' (hence, not only market actor involvement, and coordination via the price mechanism, but also public and civic involvement, and at least some form of government intervention to support niche formation); (iii) the siting of the case study needs to be in a developing country (i.e., not in a Western country).
Finally, we want to address limitations that should be kept in mind when reflecting on the results of this study. It mostly entails the fact that the selected case study is located in India, against the background of a developing country. This arguably contributed to focusing on a sectoral niche that was still immature or under-developed. In future research we suggest the GAT also to be used in empirical research comprising case studies of niches that are more developed, i.e., in further stages of niche development (e.g., early niche development, late niche development, diffusion and upscaling processes). Analyzing and comparing cases in different development stages would allow researchers to learn more about mechanisms that influence sectoral niche development in a specific region with a dynamic governance process. This would probably entail to (also) select cases of sectoral niche formation in developed countries. Moreover, an attempt could be made to compare the governance contexts of two regions within the country with separate state jurisdictions; this can be explored in future research.
Acknowledgments:
The authors would like to express their gratitude to the interviewees who graciously permitted the first author to interview them for the study reported in this paper. 
